Résumé. Dans cet article de révision on présente les indications, techniques chirurgicales, résultats et complications de la fusion de l'épaule dans

Introduction
The development of arthroplasty has made shoulder fusion an uncommon operation, but arthrodesis may be required when arthroplasty is contraindicated and can provide relief of pain with an improvement of function. This paper reviews the indications, surgical techniques, complications and results of shoulder fusion. (Table 1) (1) Bacterial infection may result in a painful incongruent shoulder joint. Persistent infection, gram-negative infection or an infection with mixed flora may be a contraindication to arthroplasty. If conservative treatment fails, fusion should be considered.
Indications
(2) Paralytic disorders in infancy. Obstetric brachial plexus injury, traumatic plexus injuries and poliomyelitis are possible causes. Shoulder fusion is still a good method of stabilising a hanging shoulder when tendon transfer is not possible [3] . Mah and Hall reported the results of arthrodesis in 10 children, and the best results were obtained when there was isolated deltoid paralysis, isolated involvement of the rotator cuff or both [13] . Good results have also been reported in poliomyelitis, an excellent result being when the child is able to put the hand to the mouth or head without pain [7] . White et al. described 5 patients between 7 and 15 years of age who were fused for obstetric paralysis with good function of the hand and power of elbow flexion from 3 to 5 [25] . The best results were achieved near the age of skeletal maturity. (3) Combined deltoid and rotator cuff paralysis. This is an indication in adults as there is not sufficient power to achieve function after an arthroplasty [8] . (4) Post-traumatic brachial plexus paralysis in adults. The nerve supply to trapezius and levator scapulae is usually preserved and an acceptable range of scapulothoracic movement is possible after fusion. When serratus anterior is intact, some forward flexion may be maintained. (5) Inflammatory arthritis with severe rotator cuff involvement. Arthroplasty is usually contraindicated, particularly when there is instability and osteoporosis. Rybka et al. reported 41 shoulder fusions in patients with rheumatoid arthritis with relief of pain and 60°of abduction [23] .
(6) Failed arthroplasty. If revision is impossible, fusion should be considered. Infection is the most common reason, also severe rotator cuff loss and osteoporosis or osteolysis [5] . (7) Recurrent dislocation. Fusion should be considered when there is glenohumeral arthritis or symptomatic multidirectional and/or voluntary dislocation [5] . A case of bilateral dislocation has been described in which the left shoulder continued dislocating after 2 operations; a fusion was carried out using an external fixator with a satisfactory result [12] . (8) Tumour resection. One of the more common indications for fusion is after resection of the proximal humerus for tumours. (9) Irreparable rotator cuff tear. When the tear is not reparable and when several operations have failed, fusion should be considered. Both poor [9] and good results have been recorded [12] . The operation will be needed when the tear is associated with a paralysed deltoid or in young patients who need power rather than movement [2] . (10) Painful arthritis when the patient's activities require power rather than movement. Many unusual activities produce too much stress for an arthroplasty and, if pain interferes with work, fusion should be considered. A labourer can undertake heavy work, but not overhead lifting. (11) The immunocompromised patient. The risk of infection after arthroplasty makes fusion a good alternative in patients on immunosuppressive therapy, or in the late stages of HIV infection. (12) Tuberculosis used to be the most common indication for fusion and extra-articular techniques were devised to avoid opening the lesion. This operation is not indicated now that antituberculous therapy is available. The tuberculous lesion should be excised and a combined intra-and extraarticular procedure carried out to achieve stability. 205 R. González-Díaz et al. : The role of shoulder fusion in the era of arthroplasty Table 1 . Indications for shoulder fusion 1.
Bacterial infection 2.
Paralytic disorders of infancy 3.
Combined deltoid muscle and rotator cuff paralysis 4.
Post-traumatic paralysis of the brachial plexus in adults 5.
Inflammatory arthritis with severe rotator cuff involvement 6.
Failed arthroplasty 7.
Recurrent dislocation 8.
Tumour resection 9.
Irreparable rotator cuff tear 10.
Painful arthritis in a patient with activities that require power and not unrestricted motion 11.
The immunocompromised patient 12.
Tuberculosis
Preoperative considerations and contraindications
The best results will be achieved when there are sufficient muscles to provide scapulothoracic mobility; the trapezius muscle should have a fair degree of function [1] . It is also desirable that serratus anterior and the rhomboids should be able to provide some flexion. The state of the acromioclavicular and sternoclavicular joints is important as both will be stressed after fusion. The distal end of the clavicle can be resected [5] , or the acromioclavicular joint fused [19] . Any scarring from previous injury can reduce scapulothoracic mobility. Congenital abnormalities or scoliosis may have the same effect. Children between 12 and 15 years achieve the most scapulothoracic mobility [5] .
The state of the distal joints in the upper limb is also important, particularly when there is rheumatoid arthritis of the elbow and wrist, since immobilisation may harm these joints [23] . A patient with an elbow arthroplasty is not a good candidate for shoulder arthrodesis. If bilateral fusion is necessary, the worst side should be done first. Bilateral fusion in one stage is contraindicated.
Surgical techniques
The arthrodesis may be either extraarticular, intraarticular or combined (Figs. 1 -3 ). Screws can be inserted from the humerus to the glenoid cavity and from the acromion to the humeral head, with or without a bone graft [6, 23] . The combined operation is recommended in children. The AO-ASIF group advise fixation with a compression plate and screws without a cast, a Velpeau bandage being used [15] . A pelvic reconstruction plate which can be bent is an alternative [18, 19] ; the procedure is easier, but a cast is needed for 6 weeks. This type of plate does not tent the skin and commonly does not need to be removed.
In post-traumatic brachial plexus lesions in adults, simultaneous tendon transfers and nerve grafts should be carried out if possible with immobilisation in the position of function. The aim is to maintain the upper limb in a good position in order to obtain a useful hand and elbow.
Rouholamin et al. reported 13 shoulder fusions in adults with ages from 26 to 60 years and an average follow up of 32 months [20] . They emphasised the importance of maintaining the shoulder in a stable position, allowing further reconstructive procedures at the elbow and wrist so that the patient can bend his elbow enough to allow the hand to reach the mouth or chest.
Richards et al. used a plate designed for pelvic reconstruction in 11 patients with post-traumatic brachial plexus lesions and had a lower rate of nonunion than with other procedures [18, 19] . The average range of movement 25 months after op- bduction (range 40 -80°). Those whose work did not include overhead activity were able to return to their jobs. Nagano et al. used an external fixator in 11 adults aged from 19 to 39 years with brachial plexus lesions with satisfactory results [16] . Iliac crest bone grafts were used in 8. There were difficulties in achieving fusion, a long period of rehabilitation, loss of passive movement and such complications have discouraged others from using this technique.
Aziz et al. recommended transferring the trapezius to the proximal humerus and reported the results in 27 patients [3] . They found greater passive mobility, fewer complications and a shorter hospital stay.
Complications [3, 4] (1) Functional limitation: overhead activities, such as using a hammer or climbing a ladder, are difficult. (2) Pseudarthrosis: failure of fusion occurs in 5% to 20% of patients [24] ; the area of glenohumeral contact is small and the leverage of the upper limb produces large forces. (3) Malposition is more common in excessive abduction in adults [21] . (4) Function of the distal joints following immobilisation may deteriorate especially in patients with rheumatoid arthritis [5] ; vigorous rehabilitation is needed after the operation. (5) Fracture of the same limb: fracture of the humerus has been reported in 10 -15% of patients [6] . (6) Acromioclavicular dislocation can occur if there has previously been osteoarthritis of the joint [6] . (7) Traction neuritis of the suprascapular nerve may occur, especially in a position of excessive abduction [4] . (8) Infection occurs in 3 -5% of cases. (9) Failure or migration of the internal fixation device; pins should be threaded or their distal end bent to avoid migration to the chest. (10) Epiphyseal problems: premature fusion of the proximal humeral epiphysis should be avoided by removing the fixation device after fusion has occurred. (11) Allografts may have to be large when used for reconstruction after excision of the proximal humerus for tumours. Hepatitis B and C, and AIDS, have been reported after allografting. Nonunion, infection and fractures are seen more often than after the standard arthrodesis [4] .
Position of the shoulder
This must be correct if a satisfactory functional result is to be achieved and the patient should be able to carry out personal hygiene. The shoulder should be comfortable when the arm is by the side, and it should be possible to push, pull and hold weights [21] .
In a review of 71 shoulder arthrodeses, Cofield and Briggs concluded that the degree of internal rotation was the most important factor for functional success [6] . Lack of internal rotation is a particular problem; the limb should reach the midline and the ability to pronate the wrist is important when choosing the fusion angle [13, 21, 22] . Hawkins and Near recommend that the hand should be placed in the midline between sternum and axilla so that the tip of the thumb will reach the chin when the elbow is flexed [10] . The optimal degree of internal rotation is 20°to 30°. Moiré photography has been used to determine the position of the scapula and humerus. Jonsson et al. reported a retrospective analysis using this method and concluded that abduction, forward flexion and internal rotation should each be 20°to 30° [11] ; some variation is acceptable, but internal rotation should never be more than 40°. Table 2 Rouholamin et al. [20] It is important to recognise the difference between superior paralysis and a total paralysis in post-traumatic brachial plexus lesions [16] . In superior paralysis, the shoulder should be in 40°a bduction, 30°flexion and sufficient rotation to allow the hand to reach the mouth when the elbow is flexed. In total paralysis, the aim is to allow the patient to reach anything from the chest to upper limb; the angles should, therefore, be abduction 20°, flexion 15°and 50°internal rotation. The best position is that recommended by Jonsson et al. [11] , but special consideration should be given to cases of total brachial paralysis [16] .
At operation, the abduction angle is the angle between the body and the humerus, and is confirmed by an anteroposterior radiograph. Flexion is the angle between the humerus and the horizontal plane when the patient is supine; the elbow is bent to 90°and placed on the same side of the chest between the sternum and axilla so that the hand can reach the chin. This should be done at the outset of the operation and the shoulder can be fixed temporarily with Kirschner wires before proceeding.
Arthrodesis of the shoulder in children
The proximal humeral epiphysis contributes 80% of the longitudinal growth of the humerus and does not fuse until 17 to 21 years of age. In children, there is a risk of epiphyseal damage which will impair fusion [7] . The abducted position may decrease with growth [14] with the possibility to a very short upper limb [17] .
White et al. reported progressive loss of abduction after fusion for paralysis in 5 children [25] . They used a combined intra-and extra-articular procedure in 30°abduction, 20°flexion and 20°i nternal rotation. They advised that fusion should be delayed, if possible, until skeletal maturity. Others have suggested fusing the shoulder in up to 90°abduction to accomodate for loss of angle during growth [7, 14] . Makin advised fusion between the ages of 5 and 9 years in a position of 90°a bduction, 25°flexion and 25°internal rotation [14] . His results were unsatisfactory since there was a 20 -30°abduction deformity and winging of the scapula when the arm was at the side of the body.
Mah and Hall carried out a combined intra-and extra-articular arthrodesis, inserting screws from acromion to humerus and from humerus to glenoid, in 10 children at abduction 45°, flexion 25°a nd internal rotation 25°, which they considered the ideal position between 10 and 17 years of age [13] . No patient lost abduction and the results were satisfactory at a follow up of between 5 and 27 years.
Pruitt et al. reported 17 patients with 91% satisfactory results and recommended the ideal position as abduction 50°+7°, forward flexion 26°+7°and rotation between 20°external and 30°i nternal [17] . They concluded that the angles were not critical, but hyperabduction, which gave the worst results, and excessive flexion should be avoided. They preferred 20°internal rotation. After operation, they used a mouldable pelvic reconstruction plate for internal fixation to avoid long immobilisation. They delayed fusion until 10 years of age.
Humeral shortening after arthrodesis in the skeletally immature is more of a theoretical, rather than practical problem, according to a review of 102 patients [1] . Mah and Hall considered that shortening was not important provided the patient could reach his mouth with his hand [13] . If fusion has to be done in a skeletally immature child, the optimum position is abduction 45°, flexion 25°and internal rotation 25° [24] . Too much abduction produces winging of the scapula and too little results in progressive loss of abduction; both extremes should be avoided. Rotation in children is less critical than in the adult.
Satisfactory results can be anticipated in children after arthrodesis of the shoulder and the optimal position is abduction 45°, flexion 25°and internal rotation 25°.
In adults the best position is abduction 20°, flexion 30°and internal rotation 40°, but rotation is more critical than in children. About half the adult patients will have moderate to severe pain. The best results are when the operation is carried out for isolated shoulder paralysis with normal distal function.
